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SUMMARY
An accelerationrestrictorwhichlimitstheelevatormotionofthe
airplanehasbeenanalyzedby meansofan electronicanalogcomputer.
Thesignalusedto controlthesystemwas,inonecase,proportionalto
normalandpitchingaccelerationa d,intheothercase,a functionof
normalandpitchingaccelerationa dpitchingvelocity.ThemechanicaJ-
designofthesystemhasnotbeenconsidered,butthedeviceusedto
stopthemotionoftheelevatorhasbeenassumedtohaveseveralvalues
oflag.
Whencontrolledby an accelerationrestrictorthatwassensitive
to a signalproportionalto normalandpitchingacceleration,theatr-
planehada ratioofpeaktopresetaccelerationfabout1.4whenthe
deviceusedto stoptheelevatorhadapproximatelyzerolag. Theratio
wasconstantforairspeedsrangingfrom200to 1,000feetpersecond.
Increasingthelagtoabout0.02secondcausedtheratioofpeaktopre-
setaccelerationtovaryfrom1.2to 1.6 as theairspeedincreasedfrom “
200to 1,000feetpersecond.Whenthecontrolsignalwasa function
ofnormalandpitchingaccelerationa dpitchingvelocity,theratioof
peaktopresetaccelerationwas1.1throughoutthespeedrangeforthe
caseof zerolag. Increasingthelagto 0.02secondhadlittleeffect
ontheperformanceofthesystem.An accelerationrestrictorwitha
ratioofpeaktopresetaccelerationf1.1throughoutthespeedrange
wouldallowtheairplanetoreachnormalaccelerationsneartheMmit
loadfactorandstillpreventheairplanefromeverexceedingthis
value.Theperformanceoftheaccelerationrestrictorwitha O.0~-second
laginthedeviceusedto stoptheelevatormotionwouldbe unsatisfactory
foreitherofthecontrolsignRlsusedinthisinvestigation.
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INTRODUCTION
3%reference1,theneedforaccelerationrestrictorswasindicated
tidananalysisof severalsimpledevicesto limitthemsxinmmaneuvering
accelerationfairplaneswaspresented.Onedevicewhichappearedprom-
isinginthatanalysisworkedontheprincipleof stoppingtheelevator
motionwhena signalproportionaltonormalandpitchingacceleration
reacheda certainvalue.Intheanalysisofreference1,however,the
magnitudeofthepitching-accelerations g alwaslimitedto thevalue
obtainedby mmntinga linearaccelerometerinthenoseoftheairplane
ata pointassumedtobe 3 chordsaheadofthecenterofgravity.The
conclusion.wasreachedthatlargervaluesofthepitching-acceleration
si~alwouldbenecessary.
Thispaperisa continuationftheanalysisofreference1. In
thepresentinvestigation,thepitchingaccelerationisassumedtobe
measuredin sucha mannerthatthegainofthepitching-acceleration
signalcanbe variedindependentlyofthenormalacceleration.Twotypes
of signalsareassumedto controltheaccelerationrestrictor.“Onesignal
“’isproportionaltonormalandpitchingacceleration,andtheotherisa
functionofnormalandpitchingaccelerationa dpitcMmgvelocity.The
twosignalsaredefinedby thefollowingexpressions:
where
state
thetransferfunction ~ isusedto eliminatethesteady-
l+TD
Wlue ofpitchingvelocim.Thegainconstantsusedforthe
pitching-veloci-~andaccelerationsign& areassumedtobe constant
throughoutthespeedrangeoftheairplanein orderto simplifythe
system.Intheanalysis,theelevatorisassumedtomoveat a constant
rateexceptwhenit is stoppedby theactionoftheaccelerationrestrictor.
Theeffectsoflagin operationoftheaccelerationrestrictorarealso
studied.Thedatapresentedinthispaperwereobtainedbyuseofa
ReevesElectronicAnalogComputerwhichsimulatedtheairplanedynamics
andprovidedanaccuratemeansofobtainingtheairplaneresponse.The &
_sis aPPHesto aparticti typeofaccelerationrestmictor,but
no considerationhasbeengiventothemechanicaldesignof sucha system.
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SYMBOLS
.
Cz
s
t
T
v
gainconstantforpitchingveloci@
meanaerodynamicchordofwing
pitching-momentcoefficient,*
%P
vertical-forcecoefficient,J-
gv%
c
differentialoperator,d/ds
Eroudenumber,gE/v2
accelerationdueto gravi~
scalefactor
gainconstantforpitchingacceleration
radiusof~ation aboutY-axis
radius-of-~ationfactor,ky/E
airplanemass
pitchingmoment(positivenoseup)
normalacceleration(positiveup),g units
presetvalueofnormalacceleration
distancetraveled,~ chords
E’
wingarea
time
timeconstant
trueairspeed
,4
.
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z verticalforce(positivedown)
a angleofattack
Ge elevatoramgle
e angleofpitch
w relative-densityfactor,m/pS~
P airdensity
T timelag
Dotoverqyanti~indicatesdifferentiationwithrespectotime.
Stabili@derivativesaredefinedinaccordancewiththefollowing
examples:
PR(XEOURE
useofa Reeves
-es. me
appliedata
Thedatapresentedinthisreportwereobtainedby
ElectronicAnalogComputerwhichsimulatedtheatrplane
simulatedelevator-angleinputtothecomputercouldbe __
constantrateorheldata fixedvaluebymanualoperationofa switch.
Thesimulatedrateof elevatormotionwas30°persecond.Thiswas
chosentorepresenthemaximumcontrolratethata humanpilotwould
imposeontheairplane.An elevatorateofabout30°persecondis
probablyfasterthana pilotnormalJyusesinmosthigh-speedmaneuvers,
andthereforeitismorecriticalfromthestandpointofacceleration
restriction.Theresultingmotionsofthesimulatedairplanesubsequent
to an elevatorinputwererecordedas functionsoftime. Theqmntities
recordedwereelevatorangle,normalacceleration,andthequantityused
to controltheaccelerationrestrictor.
Thecomputeroperator,inperformingthesimulatedmaneuvers,started
theelevatorinputandobservedona meterthebuildupofthecombined
signal. Whenthecmibinedsignalreacheda givenpresetvalue,the
elevatorinputwasstopped.Ifthecombinedsignalthenfellbelowthe G“
presetvalue,theoperatorstartedtheelevatorinputagain.Thisprocess
wasrepeateduntilthecombinedsignalremainedabovethepresetvalue. 1/
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Thetimescaleonwhichthemachineoperatedwasmadeveryslow
compsredwithrealtimeinorderto enabletheoperatortc startand
stoptheelevatorwithverylittlelaginrealtime. Therateusedwas
suchthatthetimerequiredfortheairplaneto travel1 chordlength.
eq~ed 1 secondofmachinetime. Inorderto simulatemoreclosely
theactionofa mechanicalbrakeonthecontrol,severalvaluesoflag
inbrakeoperationwereusedinthefollowingmanner:Whenthecombined
signalreachedthepresetvalue,thecomputeroperatorwouldwaita
periodwhichwasequivalentto thedesiredtimelagbeforestoppingthe
elevator.Similarly,whenthecombinedsignal.fellbelowthepreset
value,theoperatorwouldwaitforthegiventimelagbeforeallowing
theelevatortomoveagain.
A combinedsignalofnormalaccelerationa dpitchingacceleration
maybe consideredequivalenttotheoutputofa linearaccelerometer
locatedaheadof thecenterofgravity.Thedistzmcebetweenthisaccel-
erometerandthecenterofgravi~isa convenientmeansofexpressing
thegainconstantofthepitching-accelerations g al.In thisreport,
gainconstantsof8$.1and134.7feetwereused.
Forthecasesinwhicha signalproportionaltopitchingveloci~
iscombinedwiththesigualsofnormalandpitchingacceleration,several
-. factorsmustbe consideredinchoosinga gainconstantforthepitching-
velocitysignal.Sincethepitchingveloci~hasa steady-statevalue,
theairplanewouldbe limitedtoa steadynormalaccelerationlessthan
thepresetaccelerationbecausethecontrolsigaalinthesteadystate
wouldbemadeup ofboththenormalaccelerationa dthepitchingveloci~.
Inorderto eliminatethisrestriction,thesteady-statevalueofthe
pitching-velocitysignalcouldbe reducedto zerobymeansofa cancel$ng
network.Thetimeconstantofthisnetworkandthepitching-velocity
gainwerechosentoprovidea reasonablylowratioofpeaktopreset
accelerationwithoutundulyincreasingthetimerequiredtoreachmaximum
accelerationbeyondthetimerequiredwhentherestrictorwascontrolled
by thesignalProportionaltonormalandpitchhgacceleration.Thecon-
stantsrequiredweredeterminedonthemalog computerforanairspeedof
1,000feetpersecondandapproximatelyzerolag,andthesameconstants
wereusedforall.theotherconditionstested.Thesignalusedto control
theaccelerationrestrictorcanbe describedby thefollowingexpression:
A pitching-velocitygainconstantA of644feetpersecondincombina-
tionwitha timeconstantT of0.25secondwerefoundtoprovidenear-
optimumcharacteristics.It shouldbe notedthatinthecontrolsignal
describedby theforegoingexpressionthepitching-accelerations g al
.,
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hasbeenlimitedtopositivevalues.Thislimitationwasincludedin
thecontrolsignalinan efforto improvefurthertheoperationofthe -<,
accelerationrestrictor.A prelimhsryinvestigationusingthesignal
ofnormalandpitchingaccelerationwiththepitchingaccelerationlimited
topositivevaluesshoweda slightimprovementintheperformmceofthe
systemby a slightreductionintheratioofpeaktopresetacceleration.
Inthemechanicaldesignofan accelerationrestrictor,however,itmay
be desirabletoforgothislimitationtiorderto shplifythesystem.
It isfeltthatthischangewouldhavelittleeffectontheperformance.
Responsedatafora fighter-weairplanehavingthecharacteristics
presentedintableI wereobtainedforvariousairspeeds,variouslags
inbrakeoperation,and,in somecases,twovaluesof staticmargin.The
conditionsinvestigatedsrepresentedintableII,andthevaluesoflag
inbrakeoperation,alongwiththeratiosofpeaktopresetacceleration
obtained,arepresentedintableIII. Allthedataareforstandsrdsea-
levelconditions.
Theusual’equationsoflongitudinalmotionwereusedto studythe
characteristicsoftheairplane.Thetransferfunctionsderivedfrom
theseequationswhichdescribethenormalaccelerationa dpitching
f’
velocityoftheairplanewereidenticalto thosepresentedinreference1.
Theresultsobtainedweresmalyzedbymeasuring-thep aknormalaccelera- U
tionsubsequenttoan elevatorinput.Thesevaluesofnormalacceleration
weredividedby thepresetacceleration(inthisreport,6g)andplotted
asa functionofairspeed.Themachinetimeunitpreviouslydiscussed
wasconvertedtorealthe bymultiplyingitby theratiooftheairspeed
tothemeanaerodynamicchord.Thedatapresentedmaybemadeapplicable
todifferentelevatorates,presetaccel-ations,andairspeeds,provided
Wt theairplaneisthesameasordynamicallys~lar totheoneassumed
intheanalysis.Themethodsofconvertingthedataaregiveninthe
appendix.
RESULTSANDDISCUSSION
AccelerationRestrictorSensitivetoCombined
ofNormalandPitchingAcceleration
signal
Severaltimehistoriesoftheresponseoftheairplsaeincorporating
theaccelerationrestrictorwithapproximatelyzeroLagarepresentedln
figure1 forthreevaluesofairspeed.Whenperformingthesimulated
maneuver,thecomputeroperatorattemptedto stopor starttheelevator
motionwithas littlekg aspossiblewh& thecmbinedsignalofnormal
andpitchingaccelerationreachedthepresetvalue. (Thepresetvalue
maydifferslightlyfrom6gbecauseof operatortechniquesandinaccura-
ciesofthecanputer.)Themathematicalsolutionoftheequationsof S/
—— —. . . __— —-—.—————
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motionincludingtheoperationof theaccelerationrestrictorwouldbe
indeterminateforthecaseof zerotimelagh brakeoperation.Any
practicalsystem,however,wouldinherentlyhavea finitelag,sadthe
solutionforthiscaserepresentsa conditionofverysmalllag.
A discussionofthesequenceof eventsoccurringinthettiehis-
toriespresentedisof interest.me elevatormovesat a copstantrate
of30°perseconduntilthecombinedvalueofnormalandpitchingaccel-
erationreachesthepresetvalue.At thatinstant,theelevatoris
stopped.Thenormalaccelerationchangesverylittleinthislengthof
time,thegreaterpartofthecombinedsignalofnormalamdpitching
accelerationresultingfromthepitchingacceleration.As thecombined
signalfallsbelowthepresetvalue,theelevatorbeginstomoveagain
at therateof30°persecondandcontinuestomoveuntilthesignal
exceedsthtipresetvalue;thentheelevatoris stoppedagain.Thispro-
cesscontinuesuntilthesignalno longerfallsbelowthepresetvalue,
sincethenormalaccelerationhasexceededthepresetvalue.l?rom“this
timeon,theelevatoremainsfixed.Thenormalaccelerationhas
increasedsmoothlyuntilitbecomesa maximuma shorttimeafterthe
v, elevatorhasreacheditsma.ximw,position.Thecombinedsignalofnormal
andpitchingaccelerationbecomesequalto thenormalaccelerationasthe
steadystateisreached,sincethepitchingaccelerationdecreasesto
f- zero.Theeffectoftheaccelerationrestrictoristoreducetherateof
elevatormotion,theamountofreductiondependingupontheforwardspeed”
oftheairphe. It isthisreductionineffectiveelevatoratethat
preventsexcessiveovershootofthenormalaccelerationftheairplane.
Theresultsthatwereobtainedfromrunsmadeforfivedifferent
airspeeds,twovaluesof staticmargin,andtwogainconstantssrepre-
sentedinfigure2. Thefigureshowstheratioofpeaknormalaccelera-
tiontopresetaccelerationas a functionofairspeed.Repeatrunswere
madeforeachcase,andthescatterinthedataisa resultofoperator
technique.Foreithervalueof staticmarginanda gainconstantof134.7,
theratioisconstantatapproximately1.3forairspeedsvaryingfrom400
to1,000feetpersecond.Whenthegainconstantischangedto 88.13,
theratioofpeakaccelerationtopresetaccelerationisabout1.4to 1.45
forairspeedsbetween400and1,000feetpersecondandslightlylower
at200feetpersecond.
Itisdesirabletohavesmaccelerationrestrictorwitha constant
ratioofpeakaccelerationtopresetaccelerationthroughoutthespeed
range.Iftheratioincreasedwithincreasingairspeed,”i+wouldbe
necessaryto setthepresetaccelerationata relativelylowvalueto
preventheairplanefromexceedingthelimitloadfactorathighspeeds.
Thislowvalueofpresetaccelerationwouldresultinunduerestriction
ofthemaximumaccelerationftheairplaneat lowerairspeeds.Atvery
lowairspeedstheratioofpeakaccelerationtopresetaccelerationhas
littlesignificancesincetheairplanewouldstallbeforereachingthe
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limitloadfactor.A constantratiowillnot,by itself,assuresatis-
factoryperformanceoftheaccelerationrestrictor.Ifthevalueof
thisratioexceed@1.0by toolargeansmount,thepresetacceleration
requiredto kbnitthemaxbnmaccelerationwouldbe relativelylowand
wouldrestiicthemaneuverabili~oftheairplanewheretheacceleration
wasincreasedgradudly.
!lMehistoriesoftheresponseoftheairplaneto elevatorinputs
fortwovaluesoflaginbrakeoperation(T = 0.02sec and T = 0.05see)
me presentedinfigure3. Thelagresultedina morepronouncedsaw-
toothshapeofthecurvesforelevatorangleandforthecomkdnedsignal
ofnormalandpitchingacceleration.Thenunberofoscillationsinthe
curveofthecombinedsignalandtheovershootaboveandbelowthepreset
valuewasa functionofforwardspeedandtimelag. Thedatapresented
infigure4 sretheresultsobtainedfortwovaluesof lagata static
marginof 10percentofthemeanaerodynamicchordanda gainconstant
of 154.7.Fora lagofabout0.02second,theratioofpeakacceleration
topresetaccelerationvariedfromabout1.3at400feetpersecondto
about1.55at1,000feetpersecond.Thisamountofvariationmightbe
tolerable.Theratiofora lagofaboutO.0~secondvariedfrom1.25
at2(XIfeetpersecondtoabout2.2at 1,000feetpersecond.This
amountof overshootwouldprobablybe unacceptablesincethelimitation
imposedontheairplaneat lowerspeedswouldbe toogreat.Itappears,
then, thatlagsinbrakeoperationof about0.02secondorlesswouldbe
requiredforsatisfactoryperformanceofan accelerationrestrictorof
thistypeina fighterairplane.
Inthedesignofanaccelerationrestrictorincorporattigtheprin-
ciplesstudiedinthispaper,a deviceallowingthepilottomovethecon-
trolbacktowsrdtrimwouldbenecess=y.If a br~ withoutsucha detice
wereused,thepilotwouldbe unabletoreturntheairplsmetolgflight
sincetheelevatorwouldbe permanentlyIockedwhenevertheacceleration
remainedbeyondthepresetvalue.Onewsyto allowthepilotfreedomto
movethecontrolstickwouldbe to incorporatea ratchetinthebrake
mechanism.Iflimitationofnegativeaccelerationwerealsodestied,a
secondbrakewitha ratchetworkingintheoppositedirectionwouldbe
required.It isunlikelythatprovisionwouldeverbe madeforlimiting
negativeacceleration,but,inorderto studytheresultsthatcouldbe
obtainedwithsuchanarrangement,severalrunsweremadeinwhichthe
pull-upmaneuverwitha presetaccelerationf6gwas followedby a push-
downmaneuverwitha presetaccelerationf -6g. At allthespeedsprevi-
ouslyconsidered,atawereobtainedforanaccelerationrestrictorcon-
trolledby thecombinedsigaalofnormalandpitchingacceleration,a
lagof0.018second,anda pitching-accelerationgai constantof154.7.
A typicaltimehistoryofthecaseinvestigatedispresentedinfigure5.
Theresultsindicatethatthebuildupofnormalaccelerationi thenega-
tivedirectionwasapproximatelythesameas inthepositivedirection.
Theprovisionofaccelerationrestrictioni thenegativedirectiondid
notinterferewiththeabili~oftheoperatorto effectrecoveryfroma
conditionofhighpositiveacceleration.
.
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AccelerationRestrictorSensitive’toN rmalandPitching
.
.
Accelerationa dPitchingVeloci~
Asmentionedpreviously,anaccelerationrestrictorwhichhasa
ratioofpeaktopresetaccelerationf1.0wouldbe ideal.Iksmattempt
to @rove theaccelerationrestrictorjustdescribed,a signalpropor-
tionaltopitchingveloci~wascombinedwiththesignalofnormaland
pitchingacceleration.Thesignalcontrollingtheaccelerationrestrictor
W’aSthen
‘+{’~63+-
Ty@caltimehistoriesoftheresponse’oftheairplanetoan elevator
inputareshowninfi.~es6 and7 forseveralvaluesofairspeedand
laginbrakeoperation.At smairspeedof 1,000feetpersecondand
approximatelyzerothe lag,thetimere@red toreachmaximumaccel-
erationwasnotgreatlychsmgedby theadditionofthepitching-veloci~
signsltothesignalofnormalandpitchingacceleration.Theincrease
inresponsetimeat lowerairspeedsis somewhatgreater,butwhetherthis-
increaseis significsatremainstobe deterdned.
Theratioofpeaktopresetaccelerationasa functionofairspeed
forthissystemispresentedinfigure8. Thedatashownarefora
staticmarginof 10percentofthemeanaerodynamicchord,a pitching-
accelerationgainconstantof154.7,a pitching-velocitygainconstsnt
of644,andlagsinbrakeoperationofapprodrnatelyO,0.02,and
O.@ secand.Theratioofpesktopresetaccelerationfor.appro~tely
zerolagwasconstantatabout1.1throughoutthespeedrange.Theratio
fora lagof0.02secondwas1.1up to600feetpersecond,increasedto
about1.25at 800feetpersecond,anddecreasedthereafterto 1.1at
l,WO feetpersecond.Properselectionofthepitching-velocitygain.
constant,basedona timekg of 0.02second,wouldprobablyeliminate
thissli@t increaseintheratioofpeaktopresetaccelerationforthe
caseof 0.02-secondlaginbrakeoperation.Increasingthelagto
0.05secondproducedamaxinnmratioofpeaktopresetaccelerationf1.6
ata speedof800feetpersecond,andtheratiodecreasedto about1.4
at1,000feetpersecond.Itappearsfromthesetests,then,thattie
mostsatisfactoryaccelerationrestrictoqem@oyinga braketo stopthe
movementoftheelevatorwouldbe onethatiscontrolledby thecombined
signalofnormalacceleration,pitchingacceleration,andpitchingveloc-
ity. Withvaluesoflaginbrakeoperationup to 0.02second,theratio
ofpeaktopresetaccelerationf1.1wouldallowtheairplanetoreach
normalaccelerationsnearthelimitloadfactortidstillpreventhe
airplanefromeverexc’eedtigthisvalue.Theresultsfora lagof
0.05second,however,wouldundulylimitthemsximmaccelerationf the
—— . .—-.—- — —. —— — -.
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a~lane. Itisdoubtfulthatanyaccelerationrestrictorusinga brake
to stoptheelevatorconlrolwouldhavesatisfactoryperformancewitha
timelagashighas 0.05secondbecausethecontrol-stickmovementswould
be toocoarse.
CONCLUDII?GREMARKS
An accelerationrestrictorthatlimitsthenormalaccelerationfan
airplanebymeansofa mechanicalbrakeontheelevatorcontrolsystemhas
beenanalyzed.Twodifferentsignalshavebeenusedtocontroltheaccel-
erationrestrictor.Inonecasethedevicewasassumedtobe controlled
by thecombinedsignalofnormalaccelerationa da signalproportional
topitchingacceleration.titheothercasethecontrolsignalwasa
sunmationof thenormalacceleration,a signalproportionaltopitching
accelerationwhichwaslimitedtopositivevalues~ad a si@ Pr~Por-
tionaltopitcldngveloci~whichhadbeenpassedthroughsm electronic
cancelingdevicetoreducethesteady-statepitching-velocitysignalto
zero.Thedatawereobtainedfroman electronic.~og computerwhich
sfnnilatedthedynsmicharacteristicsoftheairplaneandacceleration
restrictor.Themechsmicaldesignoftheaccelerationrestrictorhas
notbeenconsidered,butthedeviceusedto simulatetheactionofa
brakeontheelevatorcontrolwasassumedtohaveseveralvaluesoflag
in orderto approxhatemorecloselya practicalsystem.
Theresultsforan accelerationrestrictorcontrolledby thecombined
signalofnormalaccelerationa da signalproportional.topitchingaccel-
erationindicatedfairperformanceforcasesof smalllagh brakeopera-
tion. Theratioofpeaktopresetaccelerationfornesm-zerolaginbrske
operationwasabout1.4andremainedconstantwithincreasingairspeed.
Changingthestaticmarginfrom10to 20percentofthemeanaerodynamic
chordhadlittleeffectontheoperationofthesystem.bcreasingthe
lagto about0.02secondcausedtheratioofpeaktopresetacceleration
towry from1.2to 1.6astheairspeedincreasedfrom200to 1,000feet
persecond.ThePerformanceofthesystemwitha laginbrakeoperation
of 0.05secondwasunsatisfactorybecauseofthehighratiosofpeakto
presetaccelerationatthehigherairspeeds(2.2at1,000feetpersecond)
andthecoarsenessof controlresultingfromthislag.
Whenthesignalcontrollingtheaccelerationrestrictorwasa func-
tionofnormalandpitchtngaccelerationa dpitchingvelocity,forthe
caseof zerolaginbrakeoperation,a ratioofpeaktopresetaccelera-
tionof1.1wasobtained.Theratiowasconstantforairspeedsfrom200
to 1,000feetpersecondandwasonlyslightlyaffettedby a laginbrake
operationof 0.02second.ThissystemwouldaUow theairplanetoreach
normalaccelerationsne= thelimitloadfactorandsti~ preventhe
airplanefromeverexceedingthisvalue.IncreasingthelaginbrsAe
—
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operationto 0.05secondcausedtheratioofpeaktopresetacceleration
6 tovaryfrom1.1at400feetpersecondto1.6at 800feetpersecond.
Thisvariationoftheratioycoupledwiththecoarsenessof control,
resultedinunsatisfactorycharacteristic’softheaccelerationrestrictor.
bngleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
Ia.ngleyField,Vs.,June28,19.
.
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METHODOFEXTENDINGDATATODYNAMICALLYSIMILARHKPLANES
Thedatainthisreportcsabe extendedto includea numberof
ferentconditionsfordynamicallysi.milaxirplanes.Thefollowing
vationincludesthestepsnecesssryforconvertingthedata.
Whentheequationsof
substitutionsweremadeto
in
S.tz
c
Fromtheequtionsof
nondimensionalformip
motionwerenondiqensionalized,thefollowing
convertheequationstonon~ensionaltime:
v-
dif-
deri-
motion,theexpressionfornormalaccelmation
D(a- 0)=
wheretheconstantF (I?roudetsnumber)
JiF
is
Also,thenontiensionalpitchingveloci~
by definition,
andthenondimensional
andpitchingaccelerationare,
rateof elevatordeflectionis
Equatingthenondimensionalanddimensionalexpressionsforthecom-
binedvaluesofnormalacceleration,pitchingacceleration,andpitching
veloci~gives P
D(a.- e)+ K$D2f3+AfDO =~(ng+”K6+AG)
a
*
.————— ,—.— —-.—— ..— — —— ————— --—-.—— .—-—..-. –.-
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where K’, K, A’,and A arethegainconstantsusedtoamplifythe
pitchingaccelerationa dpitchingvelocity.Theprtieisusedto indi-
catethattheconstantisnondimensional.Thelimitationofthepitching
accelerationtopositivevaluesandthecancellationfthepitching
velocity,whichrestrictheprecedingequation,areneglectedintheder-
ivationto follow.me onlydiscrepancythatthissimplificationw uld
causewouldbe inthetransferfunctiondescribingthecancelingnetworxj
TD Thethe constantT inthisexpressionwouldchangeinthe
x
samemanneras theexpressionfortimekg. Substitutingthedimensional
relationshipsfor D(a- 0), D%, and De gives
or
.
Then,
Also,by deftiition,let
where T 1 and T arethenondimensionalanddimensional@s and np~
and np arethenondimensionalanddimensionalpresetaccelerations.
Thefirstcasetobe consideredisoneinwhicheither‘V or 5
orbotharechangedwhilethefinalvalueof be iskeptconstant.This .
procedure,ineffect,resultsin stretchingor shr~inkingthetimescale
of thetimehistory,witha resultingchangeintheordinates,as shown
by subsequentequations.Thesubscript1 isusedto denotethedatain
itsoriginalformandthesubscript2 denotesthenewvaluestobe
obtained.Thepertinentvalueswouldbe changedby thefollowingrela-
tionships:Thethe scalewouldbecome
t2=~t1
-—.
— ..— ._. — .._—
—.— ..-—
.-
._-—
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.,
theelevatorate,
L’
thenormalacceleration,
E1V22
n2 = — nl
E2V12
thethe lag,
thepresetacceleration,
E1V22
%?2’ 537291
andthecombinedsignalofnormalacceleration,pitchingacceleration,
sadpitchingvelocitywouldbecme
where
%=:% +2=*A1
Forthecasewherethecombinedsigaalofnormalandpitchingaccelera-
.
tion n i-~ 6 isused,theconstantA canbemadeequalto zeroin
ordertoconverthedata.
Changingthe’vqluesof V or ~ changesthepresetacceleration
as shownby thepreviousequations.Thenextcasetobe consideredis
oneh whichthepresetaccelerationiskeptconstantorchangedto some
givenvalueat thesametimethatthevaluesof V or 6 arechanged. ..
Thevaluesof V or 6,althoughchangedfromtheoriginaldata,are
.
consideredtobe thesameas inthepretiousexample,andthemibscript2
c
<
.
.— . — —— —- —
.
,/
.
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denotesthenewvalues.Let
where h isequalto 1 in
whilechanging-V or 5.
.
15
‘P2= ~Pl
ordertokeepthepresetaccelerationconstant
Theelevatoranglethenbecomes
andtheelevatorateischangedto
Theratioofthenewnormalaccelerationtotheoriginalnormalacceler-
ationis
Thethe lagchangesby thesamefactoraswhen V or @ ischanged,
thatis,.
V1E2
-—
‘2– v2q ‘1
andthecombinedsignalofnormalacceleration,pitchingacceleration,
andpitchingvelocityis
where
Thelast
keptconstant
.
casetobe considered.is
whilethevaluesof np,
.-
one
v,
inwhichtheelevatorateis
and 5 ae varied.Hereagain,
..--.— -—
_____ ._.— —— ——
.——. — .-.— —
——.-
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forpurposesofderivation,thesamevaluesof V wd 5 areconsidered
as inthepreviouscases.Since
??1.6e2=h—VP~el
~ the-previousexsnrple,
8e2= bel),then
iftheelevatorateiskeptconstit(thatis,
V1
h—=1
‘2
smdtherefore
VPh=-V1
This valueof h resultsinthefollowing
subscripts1 and 2 againrepresentthe
valuestobe used,respectively):
Thenewpresetaccelerationwouldbe
Theelevatoranglewouldbe
52V1ise2=—E1V2
Thenormalaccelerationwouldbecome
Thenewtimelagwouldbe
V1E2
‘2‘—TlV2E1
relationships
originaldata
(wherethe
andthenew
—-—— ..—. — -
—.
_——. ——
3A
17
and
anda
thecombinedvalueofnormalacceleration,pitching
pitchingvelocitywouldbe
accelaation,
( !Qg+-@+, .)( !5!q+=e=fn+g )AI*.n+ i3 ~z 1
where
%2=+
.
_ .—— _ . .. —— .—. —-———-
. . ——- -
——— —
-. .. —.._ .._.
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TABLE II
CONDITIONS INWESTTGMED
Acceleration-restrictor Lag In brake Static margin, Mmpeed,
control signal K Aoperation, sec percent E ft/sec
f >
0 10 and 20 80.13 =a
n+~”9” 154.7< > --- 200 to 1,003
13 0.02and0.05 10 1*07
> J
{
K .“
} .
~e for”6>0 o
n+ +
O for H<O 0.02
i. 1
10 154.7 644 4mto l,IXKI
+8*
l+TD 0.05
, ,
, Y
t
I
I
Accelerationrcstriotmseneitiveto
TABmnI
vAT.msOFIAQm m.AKEOmRAmorf
StaticLW@n, O.lCEjK -134.7
mm draped, Time lag, Ratioofpeak
~,ft/Oec T, eec acceleration-byeeet acceleration
2C0 o.o~ 1.26
200 .m 1.26
400 .01.8 1.27
.018 1.33
& .on 1.42
ha)
.CJz 1.42
603 .01.8 1.40
ml .018 1.42
m .047
6m .C4’7 w
800 .018 1.56
&w ,oli3 1.50
.0s3
‘% .053 ;:%
l,ml .m 1.60
1,cm .CQ1 1.52
1,m) .&g 2=5
1,m .C49 2.15
Acoclerationredrictorsensitiveta
Etatiommi!in,0.103;K
I hue emwpma,v, ft/Oec
%
&xl
%
8XI
80J
em
8@)
l,m
1,(03
1,am
Timelag,
T, SW
O.@
.0s
.@
.(x?
.V
.02
::
.W
.@
.Ck2
.@
Ratioofpeak
acoeleratlonto
presetacceleration
J.@
1#12
1.05
l.q’
1.32
1.30
1.25
1.61
1.61
1.CB
1.13
1.38
QI
@
m
o
$’
+4
a
o
8
4
0
0 ,4 ,8 1:2 1.’9 20 u 2.0 v %6 4.0 4.4 4.8 ha 6.0
TiH,mc .
(a) V .200 feet per second.
Figure 1.- Typical time history of action of acceleration
K e.controlled by n + ~ K = 1%.7; appmximatel-y zero
operation; static margin, 0.103.
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Q in brake
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Figure 2.- Ratio of p3k acceleration to preset acceleration as a function
of true airspeed for two values of K and two values of static ma.
for approxhately zero lag. Acceleration reatrictor controlled by n + ~ 0.
(
I
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Tim, MC
(a) V . 600 feet per Eecond; T .
Figure 3.-l’ypiqaltime history of action of
controlled by n + ~ i for two values of
g
0.0175 second.
acceleration reOtxictor when
lag and several airspeeds.
g
K = 154.7;static xmrgin, 0.105.
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Figure3.- Continued.
.
.
.- —..
—— - —.— .—. —— --———— -—-.——
mo
e
!4
~.
o
0 1.0 2.0 %0 4.0 6.0 6.0 ‘
Tirm3,e-=
(c) V .’200 feet per second; T .0.053 second.
Figure 3.- Continu@.
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Figure3.-Continued,
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(e) V = 1,000feetpersecond;T = 0.049second.
Figure3.- Concluded.
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Figure k,- Ratio of peak acceleration to preset acceleration as a Punction
Of true airspeed for two values of ~ in brake operation. Acceleration”
restr~ctor controlled by n + ~ 0. K . 154.7; static ~@n, 0.105.
(See table III for exact values of lag.)
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maneuver. Acceleration restrictor controlled by n+ ~0. K . 1%.7;
V = 600 feet per second; T . 0.018 second; static margin, O.1OL5.
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